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In der vorliegenden Arbeit wird eine neue Methode zur Synthese von Alkinen beschrieben.
Ausgehend von acyclischen, mono- und bicyclischen 1,2-difunktionalisierten Vorläufern
wurden Bidiazirine synthetisiert und deren Eignung als Precursoren für Alkine untersucht.
Dabei musste festgestellt werden, dass sich weder von 1,2-Diketonen noch von Iminoketonen
die als Zwischenprodukte benötigten Bidiaziridine direkt darstellen ließen. Der einzige
erfolgreiche Syntheseweg führte über die 1,2-Diimine zu Diastereomeren-Gemischen der
gewünschten Bidiaziridine.
Die Oxidation der Bidiaziridine lieferte die Bidiazirine, welche als Vorstufen für die Synthese
von Alkinen dienten. So konnten auf diesem Wege sowohl spannungsfreie lineare Alkine wie
2-Butin als auch extrem gespannte Cycloalkine wie Cyclohexin oder Norbornin synthetisiert
werden.
Der spektroskopische Nachweis der Alkine erfolgte dabei direkt bzw. über verschiedene
Abfangprodukte.
Stichworte: 1,2-Diketon, 1,2-Diimine, Bidiaziridin, Bidiazirin, gespannte Cycloalkine,
Norbornin, Abfangreagentien, Cycloaddition.
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81 INTRODUCTION
Introducing of four linearly arranged carbon atoms into a ring system to generate cyclic
alkynes had already been done at the end of the nineteenth and the beginning of the twentieth
century.[1] But only until 1933 Ruzicka et al.[2] were able to prepare carbocyclic alkynes in the
macro cyclic series, namely cyclopentadecyne and cycloheptadecyne 1a, b.
CH2 n
 
1a, n = 13
1b, n = 15
Special efforts were directed toward the answering of the question of the smallest cycloalkyne
that can be isolated in a pure form at or near room temperature or definitely proven
experimentally of the non-isolable short-lived cycloalkynes.
Incorporation of a C≡C triple bond into large rings (1, n > 9) doesn’t lead to a significant
strain in the ring because the deformation of the C–C≡C angle is low (ca. 10 °). However, in
medium and smaller rings (1, n < 8) such deformation is enormously large and leads to a large
strain in the ring and hence strained molecules.
One might reasonably expect that upon increasing of the strain, the reactivity of the molecule
increases and its stability decreases accordingly. It is precisely this angle strain that made
these cycloalkynes attractive study objects, both synthetically and theoretically.
Beside ring size, which is the most important factor, other factors play a significant role to the
stability of these cycloalkynes. These factors include the introduction of heteroatoms into the
ring. The larger the heteroatom, the more stable the cycloalkyne.
9Increasing number of substituents in the alpha-position to the triple bond leads to increasing
stability. Thus, 3,3,7,7-tetramethylcycloheptyne is isolable.[3]
Finally, additional unsaturation in the ring results in a more strained system and increases the
reactivity depending on the number and position of the added unsaturated bond.
The strain inherent to angle deformation in cycloalkynes can be accessed by different
thermochemical and spectral data. The 13C NMR chemical shift of the sp-hypridized carbon
atoms in the strained cycloalkynes is a sensitive probe of ring strain (Table 1)
Compound Angle (°)
13C NMR
(ppm)
3,3,6,6-Tetramethyl-1-thia-4-cycloheptyne 154.8 108.6
Cyclooctyne 163 94.4
Cyclononyne 167.4 87.5
Cyclododecyne 180 81.5
3,3,6,6-Tetramethyl-1-thia-4-cycloheptyne-1,1-dioxide 149.3 101.7
         Table 1: Angles at the sp carbons of some strained cycloalkynes and the 13C chemical shifts
          of these carbons. The values were taken from ref.[1].
Table 1 demonstrates that, as ring strain increases, the 13C NMR signal shifts to lower field in
a linear correlation. (Figure 1).
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Figure 1
A similar linear correlation between the wave numbers and experimental or calculated C–C≡C
bond angles in cycloalkynes is also observed. As bond angle decreases, the wave number
shifts to lower value.[1]
Cyclooctyne, which represents the borderline between stable and unstable cyclic alkynes, was
first generated and purified in 1953 by Blomquist.[4] After that, the door was opened for the
investigation of smaller rings of strained cycloalkynes namely cycloheptyne, cyclohexyne, and
cyclopentyne. The short-lived intermediates were first trapped and proved to exist by the
pioneering work of G. Wittig and A. Krebs.[5,6]
Despite much work, alkynes with a four membered ring have not been observed
experimentally, this is due to the extremely high enthalpy of formation and/or ring opening of
this extremely strained cycloalkyne. Cyclopropyne has only thermodynamic stability
according to ab initio calculations.[7]
In addition to monocycloalkynes, strained bicycloalkynes were also observed experimentally
by trapping reactions.[8-11] Generation of bicyclo[2.2.1]heptyne (norbornyne), which is
considered to be one of the most strained bicyclic acetylenes, was reported by Gassmann and
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Gennich.[12] Albeit trapping of this intermediate with dienes was not successful, its
cyclotrimerization to benzene derivatives was taken as an evidence of its transient
existence.[13]
1.1 Preparation methods of strained cycloalkynes
The common strategic method of introducing of a C≡C triple bond into a ring system depends
on the formation of the triple bond in the last step of an elimination or cycloelimination
process. These methods can be summarized in the following:
1.1.1 1,2-Elimination reaction of HX or 2X
Starting from 1,2-dihalocycloalkane 2, the corresponding cycloalkyne 5 can be generated in
two elimination steps, the second step is more complicated and more drastic reaction
conditions should be applied to avoid the nucleophlic addition of the base to the triple bond.
tBuOK had been proven to be a good choice[14,15] in an apolar solvent in the presence of 18-
crown-6 (Scheme 1). Generation of 5 was also achieved from dihalocycloalkenes 4 under
different reaction conditions.[5,14]
H
X
H
X
X
H
X
X
crown ether
(CH3)3COK
base
2
53
_ 2X_ HX
4
Scheme 1
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1.1.2 Cycloelimination reactions
This method is based on the decarbonylation by heating or irradiation of cyclopropenone
systems 6[16,17] (Scheme 2).
O
hv
_ CO
56
Scheme 2
This route is especially useful for the matrix isolation of short-lived cycloalkynes. However, it
should be noted here, that sometimes the matrix isolation of highly strained cycloalkynes fails,
because flash pyrolysis or photolysis furnishes vibrationally excited ground state molecules
that decompose.
Another very important and most frequently used route to generate strained cycloalkynes is
the fragmentation of 1,2,3-selenadiazoles 7a or 1,2,3-thiadiazoles 7b.
This method is based on the extrusion of nitrogen and selenium or sulfur from the 5-
membered heteroaromatic ring systems. (Scheme 3). The extrusion of nitrogen can be initiated
by numerous methods including heating,[18-20] irradiation,[21] the action of strong bases,[14,22,23]
and complexation.[24-26]
The cleavage of C–Se(S) bond is the crucial step because in this step the ring strain is
introduced into the system.
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Unfortunately, many toxic selenium or sulfur containing side products are accompanied with
this procedure.
N
N
X
Heat (80 _180°C)
hv
FVP (400 _ 800°C)
nBuLi (_ 80°C)
Ag+ (0 _ 20°C)
Ru+ (80 _170°C)
_ N2
_ X
7a, X = Se
7b, X = S
5
Scheme 3
1.1.3 Degradation of 1,2-dihydrazone systems
The dihydrazones of 1,2-cycloalkanediones 8 undergo oxidation by different reagents leading
to cycloalkynes.[3,14]
Another closely related precursor, 1-amino-1,2,3-triazoles 9, can be oxidized to give the
corresponding cycloalkynes.[8,10]
Bistosylhydrazones 10[27] and 1-tosylamino-1,2,3-triazones 11[28,29] can be photolyzed to the
corresponding strained cycloalkynes. The photoreactivity of the produced strained
cycloalkynes should be taken into consideration.
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N
N
N
NH2
NNH2
NNH2
NNHTs
NNHTs
N
N
N
NNHTs
8 9
10 11
1.1.4 Rearrangement reactions
Different precursors can undergo rearrangement to produce cycloalkynes under drastic
conditions. For example, cycloallenes can exist in equilibrium with cycloalkynes in base-
catalyzed isomerization processes.[30] This method is more useful for large ring systems where
the allene becomes thermodynamically less stable.
Flash vacuum pyrolysis of certain heterocyclic ring systems such as 12 and 13 can lead to
cycloalkynes. This is represented by the examples of Scheme 4.[31,32]
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N O
O
O O
OO
C  
FVP
 _ CO2, _ CH3CN _ (CH3)2CO
FVP
_ CO2, _ CO
12 13
14
Scheme 4
Halogen-metal exchange with 15 may lead to a carbenoid or carbene followed by subsequent
ring enlargement to the cycloalkyne.[33,34] Closely related is the entry using the diazoethene
system 16[35,36] (Scheme 5).
Br
Br
CN2
C6H5Li 0 °C
15 17 16
Scheme 5
1.1.5 Other synthetic methods
So far the previous common synthetic strategies of strained cycloalkynes had been
represented. However, it should be noted that several routes could be found in literature to
prepare different cycloalkynes[1,16] using different precursors. These methods are not general
and they don’t have wide applicability.
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1.1.6 A new synthetic method
In this study, alkynes should be produced by a new method utilizing bidiazirinyls as
precursors. This method should also be applied to generate and trap strained cycloalkynes.
1.1.6.1 Bidiazirinyls from bidiaziridines
Diazirines and diaziridines are three membered heterocyclic rings with two nitrogen atoms.
Diazirines (unsaturated) and diaziridines (saturated) are well-studied classes of compounds,
and they are available compounds by generally applicable procedures.
These classes of compounds are easily interconvertable. The unusual stability and inertness of
the diazirine ring towards many reagents make them useful photoactivatable reagents.
Both diazirines and diaziridines play an important role in many aspects of organic and
organometallic chemistry. Diazirines are considered as a major source of carbenes and this
opened up a large field for research.
Diazirines and diaziridines were first discovered independently and almost simultaneously by
Abendroth,[37] Paulsen,[38] and Schmitz.[39] The latter was the first to explore and develop the
work.
Diazirines are in general more difficult to synthesize than their diazo isomers.[40] The strain of
the small ring along with the potential for splitting off of molecular nitrogen make these
heterocycles highly reactive toward loss of nitrogen on thermal or photo excitation. Neither
diaziridines nor diazirines have yet been found in nature.
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1.1.6.2 Synthesis of diaziridines
The combination of a carbonyl compound, an amine, and an electrophilic aminating agent
worked out by E. Schmitz represents the most common route of diaziridines synthesis[40]
(Scheme 6).
NH NHO
18 19
NH3
H2N_X
Scheme 6
Examples of aminating agents are chloramine, N-chloro alkylamine, and hydroxylamine-O-
sulfonic acid which particularly expands the scope of diaziridine synthesis.[41]
1,2-dialkyldiaziridines and 1-alkyldiaziridines could also be obtained by the action of
chloramine on aliphatic Schiff bases.[42]
Diaziridines bearing electron deficient carbonyl compounds 21 have become available from
amine or ammonia and O-sulfonated oximes 20[43] (Scheme 7).
NOSO2R
MeOOC
MeOOC
N
N
MeOOC
MeOOC
H
H
NH3
20 21
Scheme 7
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Other certain routs to diaziridines synthesis could be found in literature.[44,45] These include
photoisomerization of azomethinamines, tetrazolines, and 1,3-dipolar isomers.
The diaziridine synthesis is believed to take place via an aminal (Scheme 8). The N–N bond
formation of this intermediate occurs when the leaving group on one nitrogen is replaced by
the other nitrogen in an intramolecular SN2 reaction.[46,47]
N
X
R
H
R
R
R
N
N
R
R
N
R
R
1 2
3
1
2
3
Scheme 8
1.1.6.3 Synthesis of diazirines
Diazirines are the cyclic isomers of the aliphatic diazo compounds and are obtained mainly by
oxidative dehydrogenation of diaziridines (Scheme 9).[45]
NH NH
R R
N N
R R
_ 2 H
+ 2 H
Scheme 9
19
Dehydrogenations of 3,3-dialkyldiaziridines easily afford the corresponding diazirines. For
example, 3,3-pentamethylenediazirine[48] can be obtained from the diaziridine upon oxidation
by silver oxide in 75 % yield.
Other oxidants could be permanganate, chlorine, bromine, hypochlorite, mercuric oxide, and
dichromate/sulfuric acid.[48]
The 3,3-dicarboxylic acid derivative 23 was obtained in a one step preparation process
(Scheme 10) from oxime tosylates 22 and two moles of O-alkoxyamine.[49]
NOTs
MeOOC
MeOOC
N
N
MeOOC
MeOOC
EtONH2
MeCN
22 23
Scheme 10
The extremely explosive 9-azihomocubane 26 [50] was prepared by Schmitz’s method from
homocubane-9-one 24 in 53 % yield (Scheme 11).
O N
H
NH
N
N
NH3
H2NOSO3H
CrO3
Me2CO
24 25 26
Scheme 11
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To the best of our knowledge unsubstituted bidiazirinyl compounds were not known although
the 3,3-bisdiaziridine parent compound 27 was claimed to be synthesized from the reaction of
chloramine with glyoxal without giving any details.[51]
NHNH
NH NH
27
Diacetyl as well as other dicarbonyl compounds gave no bidiaziridines by Schmitz method.[52]
Only recently[53] some examples of 1,1´-dialkyl-3,3´-bidiaziridines were produced using
aldimines and aminating reagents. The stereochemistry and x-ray structure of these
diaziridines were also established, and they were found to exist in the meso and racemic forms
as two diastereomers.
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1.2 Task of the study
In most of the previous studies concerning generation of strained cycloalkynes, the applied
routes were complicated and lead to low yields of the targeted strained molecules. These
shortages are the consequences of the drastic conditions applied and the nature of the starting
materials used. In these methods, the products other than the desired alkyne can also react with
the newly formed C≡C triple bond and, this results is decreasing the probability of capturing
such transient strained molecules.
Competing reactions represent also a major disadvantage when these methods were carried
out.
For these and other reasons, new and excellent precursors for the generation of strained
cycloalkynes are required, especially those which are stable, easy to produce and handle and
very efficient to generate cycloalkynes under mild conditions.
In this study, a new method that fulfils most of these requirements had been developed.
This method should depend on introducing of two diazirine ring moieties on two adjacent
carbons in cyclic and acyclic systems. Photolysis or thermolysis of such combination may lead
exclusively to the generation of a triple bond through carbene formation. The only other
product N2 cannot interfere, and hence the generated triple bond could be trapped nearly
quantitatively using suitable trapping reagents.
The strategy followed for this purpose is summarized in the following main steps:
1- Synthesis of the bisdiimines from their corresponding diketones.
2- Synthesis of the bidiaziridines from bisdiimines, which is the key step.
3- Synthesis of the bidiazirines by oxidation of their bidiaziridines precursors.
4- Generation of the strained cyclic alkynes by photolysis or thermolysis.
5- Trapping of the formed strained cycloalkynes by different reagents.
6- Non-strained alkynes should also be produced using this new method
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2 RESULTS AND DISCUSSIONS
2.1 Preparation of bidiaziridines
2.1.1 Synthesis of bidiaziridinyl compounds containing electron withdrawing groups
Bidiaziridines bearing electron withdrawing groups (EWG) were investigated starting
from the O-tosyldioxime 32 that can be prepared in a four-step procedure using tartaric acid
28 as a starting point (Scheme 12).
OH
OH
COOH
COOH
OHOH
OHOH
COONa
COONa
HNO3
H2SO4
Na2CO3
CO2Et
CO2EtO
O
EtOH
CO2Et
CO2EtN
N
OH
OH
CO2Et
CO2EtN
N
TsO
TsO
NaHCO3
TsCl
Pyridine
HCl
28 29 30
3132
NH2OH
.HCl
Scheme 12
Dihydroxytartaric acid disodium salt 29[54] was converted to the diethyl dioxosuccinate 30,[55]
which was converted to the dioxime 31 and then to the O-tosyldioxime 32 following a
modified general procedure.[56] Both 31 and 32 are new compounds.
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Reaction of 32 with liquid ammonia ended up with the starting materials and the salt under the
same reaction conditions as in the case of compound 21.[43] Similarly, reaction of 32 with
methoxyamine under the same reaction conditions as in the case of model compound 23[49]
gave no bidiazirine.
Because of the presence of only one electron withdrawing group (CO2Et) per oxime ester, the
electron deficiency of the azomethine bond of the O-tosyldioxime 32 might be insufficient
(compared to the model compound 20) to undergo nucleophilic attack by ammonia or
methoxyamine, and hence reactions did not take place.
2.1.2 Synthesis of 3,3´-dimethyl-bidiaziridine-3-yl 34
Following the well known procedure established by E. Schmitz to prepare bidiaziridines was
not successful starting from 2,3-butandione.[52] However, the bidiaziridines could be obtained
using the bisdiimine derivatives 33[57] as a starting point (Scheme 13, R = PhCH2, CHMe2).
N
N
R
R
O
ONHNH
NH NH
NH3
H2NOSO3H
NH3
H2NOSO3H
3433
a, R = PhCH 2, 30 %
b, R = CHMe 2, 5 % 
Scheme 13
The bidiaziridine 34 represents the first example of the N-unsubstituted bidiaziridines. This
compound is a relatively stable solid at room temperature and can be stored without change at
–30 °C.
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The 1H NMR spectrum of 34 shows a singlet at 1.34 ppm for the methyl groups and two
doublets at 2.36 and 2.58 ppm for the different NH groups. At 90 °C, these two doublets
became a broad singlet at 2.28 ppm, and they disappeared in D2O.
The 13C NMR spectrum of 34 shows the characteristic signals of the diaziridine ring at 56.58
ppm and of the methyl groups at 19.78 ppm.
There is a second smaller set of 1H and 13C NMR signals, which may result from a second
stereoisomer (ratio approximately 10:1). We assume, that 34 in solution exists in the meso and
racemic forms. The protons at the nitrogen in one ring are trans, which is the normal result of
nitrogen configurations in diaziridines.[58]
Compound 34 was prepared from both 33a and 33b,[59] ammonia and hydroxylamine-O-
sulfonic acid. Although the yield is much lower (~5%) in the case of 33b, the work-up is more
convenient. The structure of 34 was further confirmed by 15N NMR spectroscopy showing two
signals of the main isomer.
In order to establish unequivocally the structure of this bidiaziridine, partial oxidation of 34
afforded 35 (Scheme 14). The heterocycle 35 exhibits two different methyl groups in the 1H
NMR spectrum and four 13C NMR signals.
NHNH
NH NH
NHNH
N N
Ag2O
34 35
1 equiv.
36 %
Scheme 14
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Formation of 35 excludes also any possible alternative structures such as 36 or 37. If either of
compound 36 or 37 undergoes partial oxidation, the resulting product will exhibit only two
signals in the 13C NMR spectrum. However, the partialy oxidized 35 exhibits four signals in
its 13C NMR spectrum.
N
N
NH2
NH2
N
H
NH
N
H
NH
36 37
Beside product 34, the reaction also afforded crystals of the dihydrazone of butandione as a
minor product. The structure of this dihydrazone was proven by independent synthesis.[60]
Formation of this dihydrazone may result from C–N ring opening of bidiaziridine 34.
Attempts to obtain the product 34 by the following routes were unsuccessful:
-Direct reaction of the diketone 2,3-butanedione with ammonia and hydroxylamine-O-
sulphonic acid.
-From the corresponding dioxime, ammonia, and hydroxylamine-O-sulphonic acid.
-From the corresponding dioxime, ammonia, and chloramine NH2Cl.
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2.1.3 Preparation of diphenylbidiaziridine 39
Several experiments were tried to synthesize the bisdiimine derivatives of benzil in order to
convert it to the corresponding bidiaziridine 39 in a subsequent step, but in all cases no pure
derivatives were obtained. Procedures were carried out using methylamine,[61]
isopropylamine,[61] and benzylamine..[62]
Reaction of benzil with sodium bis(trimethylsilyl)amide resulted in the corresponding
hygroscopic 1,2-bis(trimethylsilyl)imine 38,[63] which reacted further with liquid ammonia and
H2NOSO3H in methanol at –60 °C to give a very low yield (~ 9 %) of the impure
bisdiphenyldiaziridine 39 (Scheme 15).
N
N
Ph
Ph
Me3Si
Me3Si
H2NOSO3H
NH NH
NHNH
Ph
Ph
NH3 MeOH,
38 39
9 %
Scheme 15
Compound 39 exhibits the characteristic quaternary diaziridine ring signal at 60.19 ppm in the
13C NMR and the signal splitting and integration of the phenyl and NH groups in 1H NMR
spectroscopy.
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2.1.4 Preparation attempts of bidiaziridine with five-membered ring 43
It was tried to prepare the bidiaziridine of cyclopentane following the same approach as in the
case of compound 34. Thus, the diimine precursor 41 (existing as amine-enamine form) was
successfully synthesized along with the monoketone derivative 42 from cyclopentane-1,2-
dione 40, which was prepared following a literature procedure[64] (Scheme 16, a, R = CHMe2,
b, R = PhCH2).
O
OH
NR
NHR
O
NHR
NH
N
H
N
H
NHRNH2 NH3
H2NOSO3H
40
41a,b
42a,b
43
Scheme 16
Treating of compound 41 with liquid ammonia and hydroxylamine-O-sulphonic acid in
methanol at – 60 °C resulted in no formation of bidiaziridine 43 after workup.
Neither the monoketone derivative 42 nor a mixture of 42 and 40 gave the expected
bidiaziridine 43 when treated in the same way as compound 34. However, the semidione 40
gave cyclopentane-1,2-diimine according to 1H and 13C NMR data when treated similarly.
The generation of the bidiaziridine 43 was unsuccessful may be due to the very low stability of
the diimine 41 under the reaction conditions, or because the diimine, mostly existing in the
enamine form, is not a suitable precursor for the generation of bidiaziridine 43.
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2.1.5 Preparation of bidiaziridine with six-membered ring 47
Compound 47 was prepared from the diimine derivative 46[65] (as imine-enamine form) which
was prepared from cyclohexan-1,2-dione 45 (Scheme 17). The diketone 45 was obtained by
oxidation of cyclohexanone according to a literature procedure.[66]
NHR
NR
NH
N
H
NH
N
H
O O
O
44 45
47 46
SeO2
NH3
H2NOSO3H
RNH2
a, R = CHMe 2
b, R = PhCH 2
37 %
Scheme 17
Bidiaziridine 47 is a relatively stable solid compound at room temperature, and it can be stored
in the refrigerator without change.
The 1H NMR spectrum of 47 in CDCl3 shows a broad signal at 1.84 ppm for the methylene
protons and a second broad signal at ~ 2.5 ppm for the NH groups. On the other hand, the 13C
NMR spectrum shows two different methylene carbons in addition to the characteristic signal
at 58.16 ppm for the diaziridine ring moiety.
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Compound 47 could not be obtained when treating the dione 45 with liquid ammonia and
hydroxylamine-O-sulphonic acid under the same reaction conditions.
2.1.6 Preparation of bidiaziridine with seven-membered ring 49
The bidiaziridine bearing a seven membered ring 49 was similarly synthesized from the
corresponding diimine 48. The diimine 48 along with the monoketone derivative 51 were
produced from cycloheptane-1,2-dione 50[67] (Scheme 18).
NR
NR
O
O
O
NR
NH
N
H
N
H
NH
48 49
50
51
H2NOSO3H H2NOSO3H
NH3 NH3
43 %
R = CHMe 2
Scheme 18
Compound 50 as well as 51 gave no bidiaziridine 49 when treated with liquid ammonia and
hydroxylamine-O-sulphonic acid under the same reaction conditions.
Bidiaziridine 49 is a relatively stable solid at room temperature and can be stored with no
significant change at – 30 °C.
Bidiaziridine 49 has broad 1H NMR signals in the aliphatic region and four 13C NMR signals
including the characteristic quaternary signal at 59.04 ppm of the diaziridine ring moiety. In
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d6-DMSO, the 1H and 13C NMR spectra of compound 49 show two diastereomers of 5:9
ratios.
2.1.7 Preparation of bidiaziridine derivative with norbornane structure 54
Treating of the diimine 53 with liquid ammonia and hydroxylamine-O-sulphonic acid afforded
the bidiaziridine 54 along with the substituted bidiaziridine 55 as the major products (Scheme
19, R = CHMe2). Diimine 53 was prepared from the dione 52 according to literature.[68]
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31 %
32 %R = CHMe 2
Scheme 19
The 1H NMR spectrum of compound 54 is not informative and it shows a complex of
multiplets in the aliphatic region. However, the 13C NMR spectrum of 54 is very informative
and it exhibits three triplets, two doublets and two singlets at 64.3 and 64.8 ppm, which are
characteristic of the diaziridine rings.
The number of 13C NMR signals (seven rather than four) indicates that the structure of the
bidiaziridine 54 has no plane of symmetry and the hydrogen atoms on both nitrogen of each
ring are in trans position to each other.
31
54
The lower yield of 54 is attributed to the competing reaction leading to the formation of the N-
alkyl substituted 55.
The N-alkyl substituted bidiaziridine 55 has two different quaternary 13C NMR signals at 64.6
and 69.8 ppm representing the two different diaziridine rings.
The heterocycle 54 could not be obtained from the dione 52 under the same reaction
conditions.
2.1.8 General remarks on the synthesis of bidiaziridines
All bidiaziridines prepared during the course of this study could not be generated directly from
their diones whereas they were readily accessible from their corresponding diimines. In most
cases the competing reactions leading to N-substituted bidiaziridines or bidihydrazones were
encountered. This resulted in a decrease of the yield of the desired N-unsubstituted
bidiaziridines. All bidiaziridines generated in this study have the characteristic 13C NMR
signal of the quaternary carbon in the range 55 – 65 ppm for the diaziridine ring moieties.
The bidiaziridines were obtained as a mixture of diastereomers in which the hydrogen atoms
in one ring are trans to each other.
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Due to their high basicities, the prepared bidiaziridines were purified over neutral alumina and
then converted to phenyl urea derivatives for the purpose of elemental analysis.
2.2 Derivatives of the bidiaziridines
The bidiaziridines prepared during the course of this study were difficult to be isolated purely.
For this particular reason, they were converted smoothly to very stable and pure phenyl urea
derivatives (56 – 59, R = PhNHCO) with phenyl isocyanate.
NR NR
NRNR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
56 57
58 59
70 % 50 %
44 % 61 %
These derivatives show the correct spectroscopic NMR data and satisfactory elemental
analysis. The NMR spectral data of these derivatives clearly indicate that these derivatives
also exist as a mixture of diastereomers. For example, compound 58 has five 13C NMR signals
in the aliphatic region instead of the expected three signals.
The formation of these derivatives demonstrates also that the relative stability of the
bidiaziridines enables them to undergo reactions in which the diaziridine ring remains intact.
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2.3 Preparation of bidiazirines
2.3.1 Preparation of 3,3´-dimethyl-3H,3´H-[3,3´]bidiazirinyl 60
Compound 34 can undergo oxidation with two moles of silver oxide to afford the bidiazirine
60 (Scheme 20).
NH NH
NHNH
N N
NN
CDCl3
Ag2O2
34 60
28.5 %
Scheme 20
Compound 60 is relatively unstable at room temperature, while it can be stored in solution at –
30 °C for about two months.
Bidiazirine 60 shows only one type of methyl protons in the 1H NMR spectrum and two
signals at 15.30 and 26.55 ppm for the methyl and the carbon atom of the ring, respectively, in
13C NMR spectroscopy. It has also one signal in 15N NMR, which is consistent with the
proposed structure 60.
Attempts to oxidize 34 using I2/Et3N were not very successful. Partial oxidation of 34 using
one equivalent of silver oxide resulted in the half-oxidized product 35 as mentioned before
(see page 24).
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2.3.2 Preparation of bidiazirine with six-membered ring 61
Oxidation of bidiazirine 47 using silver oxide yielded the target bidiazirine 61 (Scheme 21, R
= CHMe2).
NH
N
H
N
H
NH
N
N
N
N
NR
N
H
N
H
NRAg2O RMgX
0 °C
47 61 62, R = CHMe 2
30 %
67 %
Scheme 21
Bidiazirine 61 is relatively unstable oil at room temperature, and it is prone to decompose by
losing molecular nitrogen on standing at room temperature. However, it can be stored for a
longer time at – 30 °C.
The 1H NMR spectrum of 61 shows two multiplets for the two different methylene protons.
Furthermore, the 13C NMR spectrum shows two methylene triplets and one quaternary signal
characteristic of the diazirine ring moiety at 28.0 ppm.
The ultraviolet absorption of the bidiazirine 61 in cyclohexane exhibits a band in the range
285 – 360 nm, which is in agreement with those of cyclic diazirines prepared elsewhere.[69]
Diazirines smoothly add Grignard reagents to the N=N double bond giving 1-alkyldiazirines in
moderate to good yields.[39] Thus, following literature procedure,[70] the heterocycle 61 reacted
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with isopropylmagnesium bromide to give a brown oil of isopropyl-substituted bidiaziridine
62.
Compound 62 did not undergo oxidation upon treating with silver oxide for a longer time. If
compound 61 was subjected to photolysis or thermolysis, bubbles of nitrogen gas were
evolved and a dark mixture with complicated NMR spectra was obtained.
2.3.3 Preparation of bidiazirine with seven-membered ring 63
The bidiazirine 63 could be generated by oxidation of the bidiaziridine 49 using silver oxide
(Scheme 22).
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N
H
N
H
NH
N
N
N
N
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0 °C
49 63
70 %
Scheme 22
The bidiazirine 63 is relatively stable oil and it did not change significantly at room
temperature after one day. Moreover, it remains for longer time in the refrigerator without
decomposition.
Two multiplets in the 1H NMR spectrum were observed in the aliphatic region whereas three
methylene triplets and one quaternary signal at 29.90 ppm of the diazirine ring were observed
in the 13C NMR spectrum.
If an insufficient amount of the oxidizing agent is used or the reaction time is not enough, the
signals of the half-oxidized product will be observed.
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2.3.4 Preparation of bidiazirine derivative with norbornane structure 64
Following the same approach of oxidation of bidiaziridines, compound 64 was generated from
the bidiaziridine 54 (Scheme 23).
CHCl3NH
N
H
N
H
NH
N
N
N
N
Ag2O 0 °C,
54 64
78
9
10
11
56 %
Scheme 23
The 1H NMR spectrum of the bidiazirine 64 shows the expected five types of different
protons. The chemical shift value of the bridgehead proton of C-7 and C-10 appears as a
multiplet at higher field (1.46 ppm) than the methylene protons of C-8 and C-9 (1.75 and 2.02
ppm). On the other hand, the chemical shift of the anti proton of C-11 appears at lower field at
2.37 ppm compared to the syn proton (1.54 ppm) of the same carbon.
The syn proton appears as a doublet of triplet because of the geminal coupling with the anti
proton (2J = 9.9 Hz) and the long range coupling (W-coupling) with the methylene protons of
C-8 and C-9 (4J = 1.8 Hz). The anti proton shows a doublet of multiplet (2J = 9.9 Hz) at a
lower field value (2.37 ppm).
Contrary to the unsymmetric bidiaziridine 54 (seven different carbons), the heterocycle 64 has
only four 13C NMR signals. This clearly indicates that bidiazirine 64 is a highly symmetric
molecule. The four 13C NMR signals are one doublet, two triplets and the characteristic singlet
of the diazirine ring moiety.
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Upon thermolysis at 50 °C for three hours, compound 64 in CDCl3 disappeared completely
(1H and 13C NMR) and complicated spectra were obtained instead. The 1H NMR spectrum
shows a multiplet in the aromatic region and a singlet at 2.3 ppm that might resulted from
toluene formation[71] beside other unidentified products.
2.3.5 General remarks on bidiazirine synthesis
All prepared bidiazirines are relatively unstable for longer times, and they prone to lose
molecular nitrogen on standing at room temperature. Therefore it is advisable to use them
directly after preparation without further purification.
Each bidiazirine prepared in this study exhibits a quaternary carbon in the range from 26.5 to
37.9 ppm, characteristic for the diazirine ring moiety.
Although the oxidation process seems to occur smoothly, only moderate yields were recovered
of the target bidiazirine.
The bidiazirines 61, and 63 bearing cyclic systems as well as 64 with bicyclic structure are
symmetric, whereas the open chain bidiazirine 60 is unsymmetric.
In the absence of trapping reagents, rearrangement and oligomerization are the main
stabilization pathways. For example, cycloheptyne yielded tetramers and trimers depending on
the starting material and reaction conditions.[72–74]
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2.4 Synthesis of alkynes from bidiaziridines
2.4.1 Synthesis of 2-butyne 65
Diazirines are considered as a major source of carbenes. The strain of the small ring along
with the high potential for formation of the very stable molecular nitrogen make these
heterocycles highly reactive toward loss of nitrogen (thereby carbene formation) upon thermal
or photoexitation.
Photolysis or thermolysis of the bidiazirine 60 resulted in a quantitative formation of 2-butyne
65 (Scheme 24).
NN
N N
N22+
hv or heat
100 %
60 65
Scheme 24
This reaction represents a new method to generate alkynes utilizing bidiazirines as precursors.
Photolysis of bidiazirine 60 in the presence of excess 3-hexyne as a trapping reagent results
also in the formation of 2-butyne 65. The formation of 2-butyne and not the expected
cyclopropene derivative is attributed to the lifetime of the formed carbene, which is not
sufficiently long enough to allow an efficient capture by the trapping reagent.
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Closely related is the photolysis of the partially oxidized diazirine 35 in the presence of 3-
hexyne as a trapping reagent. Here again, the expected cyclopropene trapping product was not
formed and the diazirine 66 was obtained instead (Scheme 25).
NN
NH NH NH NH
N2+
hv
35 66
36 %
Scheme 25
We might conclude, that the formation of 66 and not the generation of the expected trapping
product is attributed to the rapid rate of the competing 1,2-hydrogen migration reaction that
leads to the formation of the alkene.
2.4.2 Synthesis of diphenylacetylene 68
Oxidation of crude diphenylbidiaziridine 39 by manganese dioxide at room temperature ended
up with diphenylacetylene 68. The bidiazirine 67 should be the intermediate in this
transformation (Scheme 26).
NHNH
NH NH
Ph
Ph
NN
N N
Ph
Ph
 
Ph Ph
MnO2
RT
_ 2 N2
39 67 68
60 %
Scheme 26
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2.4.3 Synthesis and trapping of cyclohexyne
Evidence for the transient existence of strained cycloalkynes had been provided[6,75] and many
procedures were applied to generate cyclohexyne using different precursors and trapping
reagents.[76,77] The heterocycle 61 was prepared and thermolyzed to generate cyclohexyne
(Scheme 27). This strained cycloalkyne was trapped nearly quantitatively using different
reagents such as phenyl azide, tetraphenylcyclopentadienone, and 1,3-diphenylisobenzofuran
to give the known compounds 69,[6], 70, [28,29], and 71, [28,76] respectively.
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Ph
Ph
Ph
Ph
O
Ph
Ph
PhN3
60 oC
61
69
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71
14
or hv 
84 %
90 %
86 %
Scheme 27
Bidiaziridine 61 undergoes photolysis very slowly in the presence and in the absence of the
trapping reagents until completely consumed. For example, it takes nine hours for the reaction
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of compound 61 with 1,3-diphenylisobenzofuran to give 71, while it takes only one hour for
the thermolysis reaction to complete.
These reactions are clean with very high yields. Splitting off of molecular nitrogen and
formation of an aromatic ring most probably are the driving forces for these reactions. The
high yields of these trapping reactions are rationalized by the nature of the bidiazirine 61 that
can produce (on thermolysis or photolysis) only the unreactive nitrogen gas with the transient
cyclohexyne. This strained cycloalkyne is then forced to react irreversibly with the trapping
reagent present alone in the reaction mixture.
The slow generation of the cycloalkyne prevents or at least reduces oligomerization and other
undesired reactions.
2.4.4 Trapping of cyclohexyne by Cyclooctyne
Cyclohexyne could be also trapped by another cycloalkyne, namely cyclooctyne (Scheme 28).
N
N
N
N cyclooctyne
heat
61 72 73
+
Scheme 28
This reaction was analyzed by GC _ MS. Two main compounds of molecular ion peaks of 268
m/z and 296 m/z (ratio ca. 1:10 respectively) and a third one at 376 m/z were observed.
However, the yields of these products were very low. The structures of the products isolated
by chromatography in low yields (see exp. section page 69) were different from those of the
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compounds characterized only by GC – MS. This means that only the volatile products were
analyzed by GC – MS, while the non-volatile products remaining in the main residue were not
detected.
Formation of compound 72 (or 73) provides another evidence for the transient existence of
cyclohexyne
Formation of 72 (or 73) can be explained by the Diels_Alder reaction of cyclooctyne (or
cyclohexyne) and the initially formed cyclobutadiene adduct resulted from the [2+2]
cycloaddition reaction of cyclohexyne with cyclooctyne.[73]
2.4.5 Synthesis and trapping of cycloheptyne
The diazirine 63 undergoes thermolysis with splitting off of molecular nitrogen to produce
cycloheptyne (Scheme 29). The formation of this strained cycloalkyne is clearly demonstrated
by trapping experiments with tetraphenylcyclopentadienone and 1,3-diphenylisobenzofuran to
give the known Diels_Alder products 74[17,28] and 75,[6] respectively.
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Scheme 29
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Each of the trapping products 74 and 75 shows the correct number (12 and 14, respectively) of
13C NMR signals. These trapping products are highly symmetric molecules
In the aim of seeking for a free cycloheptyne, several careful experiments were made at very
low temperatures. Thus, photolysis of 63 at _120 °C in CD2ClF for 30 minutes and then
introducing tetraphenylcyclopentadienone to the photolyzed solution at this lower temperature
resulted in the formation of the trapping product 74 in 25 – 35 % NMR yield.
Repeating the experiment in CD2Cl2 and photolyzing bidiazirine 63 at _ 90 °C gave the same
result as before.
These experiments definitely represent a direct proof of the formation and existence of free
cycloheptyne at low temperatures.
It is worth mentioning that cyclooctyne, as a reference, smoothly reacts at room temperature
with tetraphenylcyclopentadienone to give the known[29] eight membered analog of 74 that has
very similar NMR spectroscopic data.
2.4.6 Synthesis and trapping of norbornyne intermediate
Generation of the extremely strained bicyclo[2.2.1]heptyne 76 was achieved through
thermolysis of the bidiazirine 64 in the presence of the trapping reagents phenyl azide and
tetraphenylcyclopentadienone to give the cycloadducts 77 and 78, respectively (Scheme 30).
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Trapping reaction with 1,3-diphenylisobenzofuran resulted in no isolation of the expected
Diels_Alder product due to its instability on silica gel.[78-79]
There has been recently a supported proposition that norbornyne has the properties of a vicinal
dicarbene in its cycloaddition to alkenes.[80] However, formation of 77 and 78 with no
detection of any other products negates the possibility of dicarbene formation in these trapping
reactions.
The above two reactions represent the first successful examples of trapping norbornyne
intermediate with 1,3-dipolar and diene molecules.[13]
The 1H NMR spectrum of the triazole derivative 77 shows six different types of protons in the
aliphatic region. The chemical shift values of the two bridgehead protons appear at lower field
as multiplets at 3.64 and 3.77 ppm. The syn proton at C-8 shows a ddd splitting (2J = 9 Hz, 4J
= 1.8 Hz, 4J = 1.8 Hz) as a result of geminal coupling with the C-8 anti proton at the same
carbon and the long range coupling (W-coupling) with the protons of C-5 and C-6.
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The anti protons shows lower field chemical shift at 2.2 ppm (dm, J = 9 Hz) than the syn
proton (1.80 ppm).
Independent synthesis of triazole 77 was not successfully achieved by the action of 2N H2SO4,
KOH/CH3OH, tBuOK, or n-ButLi on 1-phenyl-7a-morpholino-4,7-methano-3a,4,5,6,7,7a-
hexahydrobenzotriazole 79.[81] In these experiments either cleaved products or starting
triazoline were recovered after work-up. No reaction also took place when 1-phenyl-4,7-
methano-3a,4,5,6,7,7a-hexahydrobenzotriazole 80[82] was oxidized by KMnO4 in acetone.
N
N N
Ph
N
N N
PhN
O
79 80
2.4.7 General remarks on synthesis and trapping of cycloalkynes
In synthesis and trapping of strained cycloalkynes, all reactions took place under fairly mild
conditions in a clean one-pot process. The only second product was the unreactive nitrogen
gas.
The isolated yields of these trapping experiments are much higher in cases with six and seven-
membered rings than those reported (Table 2).
Similarly, the isolated yields of trapping reactions of norbornyne with phenyl azide and
tetraphenylcyclopentadienone (22 %, 44 %) are much higher than those reported[80] in
norbornyne trapping reactions with dihydropyran (0.3 %, 0.7 % and 6 %).
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Precursor Trapping reagent Reactionconditions Product
Yield[  ]
(%)
Br
Br
1,3-diphenylisobenzofurane Mg, THF
24 hrs, ∆
70 37[83]
8.6[84]
CHBr 1,3-diphenylisobenzofurane CH3)3OK
4 hrs, ∆
70 35[76]
TsO 1,3-diphenylisobenzofurane R T, 3 hrs 70 33[85]
N
N
N
N
1,3-diphenylisobenzofurane hν or ∆(50°C)1 hr 70 86
N
N
N
NTs
Tetracyclone hν 69 54[29]
N
N
N
N
Tetracyclone hν or ∆(50°C)1 hr 69 90
O Tetracyclone hν or ∆ 74 22.8[17]
Br
Br
Tetracyclone Mg, THF7 hrs, ∆ 74 14.5
[79]
N
N
N
NTs
Tetracyclone hν 74 26
[29]
56[29]
N
N
N
N
Tetracyclone hν 74 86
N
N
N
N
1,3-diphenylisobenzofurane hν or ∆(50°C)1 hr 75 91
Table 2
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In cycloalkynes, the “inplane” cis-bending of the C–C≡C angle results in lowering the LUMO
energy, while the HOMO is not significantly changed.[86,87] This effect reflects the enhanced
reactivity of these cycloalkynes with the HOMO of the trapping reagents.
The driving force of these trapping reactions is a combination of different factors including
relief of the ring strain, formation of an aromatic ring, and formation of molecular nitrogen.
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2.4.8 Summary
In this study, we have succeeded in synthesis of alkynes by a new method using bidiazirines as
precursors. Different bidiazirinyl systems, such as acyclic, cyclic, and bicyclic systems, were
investigated to show if they could serve as appropriate precursors for cycloalkynes.
NR
NR
O
O
NHNH
NH NH
NN
N N
NR
O
1,2-diones
1,2-diimines
R1 R
2
R1
R2
R1
R2
R1
R2
R1
R2
1,2-diimine iminoketone
bidiazirine
bidiaziridine
alkyne
R1 R2
Alkyne R
1 R2 Yield (%) Yield (%) of
trapping product
2-butyne Me Me 100 –
diphphenylacetylene Ph Ph Low –
cyclohexyne –(CH2)4– – 86 – 90
cycloheptyne –(CH2)5– – 86 – 91
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It has been shown that alkynes of no strain (e.g. 2-butyne) as well as extremely strained
cycloalkynes (e.g. norbornyne) could be generated utilizing this method. This new method
represents a simple, clean, and very efficient route to alkynes.
That the strained cycloalkynes had actually been generated was shown by different trapping
experiments. In these experiments, the thermal or photoextrusion of nitrogen atoms of the
bidiaziridine moieties will certainly leads to the formation of a C,C triple bond, most probably
through carbene intermediate.
In terms of their reactions with the trapping dienes reagents, the generated cycloalkynes
should be considered as normal, yet strained alkynes.
In turn, bidiazirines were easily synthesized by oxidative dehydrogenation of their
corresponding bidiaziridines.
Bidiaziridines, which were the key step in the whole process, were successfully synthesized
from bisdiimine precursors. It has been shown, that bisdiimines were the only suitable starting
materials for the synthesis of bidiaziridines. Neither the diketones, nor the iminoketone
derivatives proved to serve as appropriate starting materials.
Bidiaziridines were shown to exist as mixtures of distereoisomers in which the hydrogen
atoms on the diaziridine ring are trans to each other, which is the normal configuration in
diaziridine rings.
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3 Experimental section
3.1 Instruments
Melting points were measured on BOETIUS apparatus from PENTAKON company,
Dresden. Melting points were not corrected.
IR spectra were measured using FT-IR apparatus of type BRUKER IFS 28. The dissolved
samples were recorded at room temperature in the wave number range from 400 – 4000 cm-1.
Only the main functional groups were reported.
UV-Vis spectrum of compound 61 was measured on a spectrometer of type MCS 400 from
CARL-ZEISS company (Jena). The thickness of the used cell was amounted to approximately
1 cm.
NMR spectra were measured on a wide-band spectrometer-GEMINI 300 from VARIAN
company. 1H spectra were done on 300 MHz and 13C on 75 MHz. All measurements were
performed at room temperature if not otherwise mentioned. Internal standard was TMS (δ = 0)
or solvent signals recalculated relative to TMS. The multiplicities of 13C signals were
determined by the aid of gated spectra and/or DEPT 135 experiments.
GC–MS spectra were taken on a quadruple mass spectrometer (70 eV) of type GCMS-QP
5000 from SHIMADZU company using helium as the carrier gas. Before separation, a gas
chromatogram was done on a GC-17 A apparatus from SHIMADZU company.
Quantitative Elemental analyses were measured on VARIO EL ELEMENTAR
ANALYSENSYSTEM GmbH (Hanau); elemental analysis of bidiaziridines could not be
performed due to their instabilities.
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Gas chromatography was done on a GC apparatus of type HEWLETT-PACKARD 5890/II,
using Flame ionisation detector with 30 m quartz capillary column HP-MS 5 (coated with 5 %
phenylmethyl silicon). Nitrogen was the carrier gas.
Flash column chromatography was performed using silica gel (0.04 – 0.063 mm) or neutral
alumina (0.05 – 0.15 mm) from FLUKA company as a stationary phase. The used solvents
were mentioned in the experimental section.
Thin layer chromatography (TLC) was carried out on POLYGRAM SIL G/UV254 ready
foils from MACHEREY-NAGEL company.
Photolysis experiments were carried out using 150 W high pressure Hg lamp (TQ 150) from
QUARZLAMPEN-GESELLSCHAFT (Hanau) company. Irradiation was done in ethanol bath
with a quartz apparatus. Cooling to the required temperatures of the lamp and the sample was
performed by the aid of a cryostat from LAUDA company.
3.2 Working procedures
Preparations of the bidiaziridines were carried out under an atmosphere of nitrogen. The
solvents were purified before used. Commercially available starting materials were purchased
from ALDRICH or ACROSS company.
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3.3 Synthesis of 2,3-bis-hydroxyimino-succinic acid diethyl ester 31
Diethyl dioxosuccinate 30 (7.0 g, 34.6 mmol) in 5 ml of ethanol was dropwise added with
stirring at room temperature to 30 ml of 50 % aqueous ethanolic solution containing
hydroxylamine hydrochloride (5.30 g, 76.2 mmol) and sodium bicarbonate (6.40 g, 76.2
mmol). Stirring was continued for 16 hours followed by refluxing for 30 minutes. After
filtration of the solid, the solvent was evaporated under vacuum and the resulting residue was
extracted by 50 ml of diethyl ether. A pure white solid of 2,3-bis-hydroxyimino-succinic acid
diethyl ester 31 (1.8 g, 22 % yield) was obtained upon vacuum evaporation of the diethyl
ether.
M.p. = 106 – 108°C
IR (CDCl3): ν (cm−1) = 3518, 3401, 2986, 1719, 1232
1H NMR (CDCl3): δ = 1.39 (t, 3J = 7.2 Hz, 6H, CH3), 4.35 (q, 3J =
7.2 Hz, 4H, CH2), 6.3 (br. s, 1H), 7.0 (br. s, 1H).
13C NMR (CDCl3): δ = 13.93 (q), 63.42 (t), 158.53 (s), 160.00 (s).
3.4 Synthesis of 2,3-bis-p-tosyloxyimino-succinic acid diethyl ester 32
The dioxime 31 (1.80 g, 0.93 mmol) thus obtained from the last procedure was dissolved in 20
ml of ethyl acetate, and a solution of tosylchloride (0.39 g, 2.1 mmol) and pyridine (0.16 g, 2.1
mmol) in 20 ml of ethyl acetate was dropwise added with stirring at room temperature.
Stirring was continued for 16 hrs, and the precipitated powder was filtered off. The solvent
was evaporated under vacuum, and the resulting residue was extracted four times by diethyl
ether (15 ml each). A white solid of 2,3-bis-p-tosyloxyimino-succinic acid diethyl ester 32
(3.18 g, 78%) was recovered upon vacuum evaporation of the solvent.
CO2Et
CO2EtN
N
OH
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CO2Et
CO2EtN
N
TsO
TsO
M.p. = 57 – 59°C
1H NMR (CDCl3): δ = 1.39 (t, 3J = 7.2 Hz, 6H, CH3), 2.94 (s, 6H,
CH3), 4.35 (q, 3J = 7.2 Hz, 4H, CH2), 7.42 (d, 3J = 8.1 Hz, 4H),
7.91 (d, 3J = 8.1 Hz, 4H).
13C NMR (CDCl3): δ = 13.94 (q), 21.81 (q), 63.37 (t), 127.02 (d),
130.20 (d), 141.63 (s), 146.77 (s), 158.27 (s), 160.00 (s).
3.5 General procedure for the synthesis of bidiaziridines I
To about 40 ml condensed dry ammonia, diimine 11 (4.12 g, 0.02 mol) in 60 ml of absolute
methanol was dropwise added with stirring over a period of 20 minutes. Stirring was
continued for three hours and then hydroxylamine-O-sulfonic acid (5.00 g, 0.045 mol) in 40
ml absolute methanol was dropwise added with stirring at –60 °C. The mixture was kept
stirring for another three hours and then the reaction was slowly warmed to room temperature
to boil off excess ammonia. The mixture was then filtered and the solvent was evaporated in
vacuo. The resulting pasty colored residue was extracted with (4×100 ml) diethyl ether, and
the organic extracts were combined, dried over sodium sulfate. The solvent was removed
under reduced pressure to give colored residue oil containing the bidiaziridine.
3.5.1 Synthesis of 3,3´-dimethyl-bidiaziridine-3-yl 34
Following general procedure I, the resulting pasty yellow oil was dissolved in diethyl ether or
methylene chloride (60 ml). Concentrating this solution in vacuum results in precipitating of
the product, that was filtered, washed with cold diethyl ether to afford (0.34 g, 2.98 mmol, 30
%) of 3,3´-dimethyl-bidiaziridine-3-yl 34 starting from (2.64 g, 10.0 mmol) of N,N`-
dibenzyl-2,3-butanediimine 33. Recrystallization of the product from methanol or
dichloromethane gave white crystals.
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M.p. = 149 – 151 °C.
1H NMR (d6-DMSO): δ = 1.34 (s, 6H, CH3), 2.36 (d, 3J = 8.1 Hz, 2H,
NH), 2.58 (d, 3J = 8.1 Hz, 2H, NH).
13C NMR (d6-DMSO): δ = 19.71 (q, CH3), 56.51 (s, C-3).
There are second smaller sets of 1H and 13C NMR signals that might
result from a second stereoisomer (ratio approximately 10:1).
1H NMR (d6-DMSO): δ = 1.31 (s), 2.42 (br).
13C NMR (d6-DMSO): δ = 20.52 (q), 56.22 (s).
3.6 General procedure for the synthesis of bidiazirines II
The bidiaziridine (1 equiv.) in 2 ml CHCl3 was added to AgNO3 (4.5 equiv.) in 2 ml H2O.
Sodium hydroxide (4.5 equiv.) was then added to the reaction mixture. The mixture was
stirred at ice/water bath temperature for 5 hours, and then it was filtrated through a Celite pad.
The layers were separated and the organic layer was dried over Na2SO4. Evaporation of the
solvent afforded a brown oil of the bidiazirine.
3.6.1 Synthesis of 3-methyl-(3-methyl–diaziridin-3-yl)-3H-diazirine 35
Following general procedure II, and using AgNO3 (0.17 g, 1.0 mmol) with the bidiaziridine 34
(0.11 g, 1.0 mmol), pale yellow crystals of 3-methyl-(3-methyl–diaziridin-3-yl)-3H-
diazirine 35 (0.04 g, 0.36 mmol, 36 %) was obtained.
M.p. = 56 – 58 °C
1H NMR (d6-DMSO): δ = 0.98 (s, 3H, CH3), 1.13 (s, 3H, CH3), 2.57 (d, J
= 8.1 Hz, 1H, NH), 2.68 (d, J = 8.1 Hz, 1H, NH).
13C NMR (d6-DMSO): δ = 15.28 (q, CH3), 19.95 (q, CH3), 28.04 (s, C-3),
54.45 (s, C-3´).
NH NH
NHNH
NHNH
N N
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3.7 Synthesis of 3,3´-diphenyl-bidiaziridine-3-yl 39
Following general procedure I, 3,3´-diphenyl-bidiaziridine-3-yl 39 was obtained as impure
yellow oil in a very low yield (230 mg, 1.07 mmol, 9 %).
1H NMR (CDCl3): δ = 2.27 (d, 3J = 8.6 Hz, 2H, NH), 2.81 (d, 3J = 8.6
Hz, 2H, NH), 7.20 – 7.50 (m, 10H, Ph).
13C NMR (CDCl3): δ = 60.19 (s, C-3), and signals in the range 126.67 –
136.88 ppm
3.8 General procedure for the synthesis of diimines III
Excess isopropylamine (100 ml) was added in portions with stirring at room temperature to
freshly prepared diketone. Few drops of formic acid were added to the reaction mixture. The
mixture immediately became dark. Stirring was continued overnight, and then the excess
amine was removed in vacuum. The dark brown residue was extracted by diethyl ether (3×40
ml) and the combined extracts were dried over sodium sulfate. Evaporation of the diethyl ether
resulted in a dark brown oil of the diimine.
3.8.1 Synthesis of isopropyl-(5-isopropylimino-cyclopent-1-enyl)-amine 41a
Following general procedure III. After stirring for 4 hours at room temperature, the excess
amine was removed in vacuo and the dark brown residue was extracted by 50 ml of diethyl
ether. After drying over Na2SO4, the solvent was removed in vacuo to give a mixture of
isopropyl-(5-isopropylimino-cyclopent-1-enyl)-amine 41a and 2-isopropylimino-cyclopent-2-
enone 42a. Separation was conducted by flash column chromatography over neutral alumina
using hexane/Et2O, 1:1 as an eluent. Isopropyl-(5-isopropylimino-cyclopent-1-enyl)-amine
41a was obtained as yellow oil (0.40 g, 2.22 mmol, 22 % yield).
NH NH
NHNH
Ph
Ph
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1H NMR (CDCl3): δ = 1.12 (d, 3J = 6.3 Hz, 6H, CH3), 1.14 (d, 3J =
6.3 Hz, 6H, CH3), 2.43 (br. s, 4H, CH2), 3.35 (sept, 3J = 6.3 Hz, 1H,
CH), 3.55 (sept, 3J = 6.3 Hz, 1H, CH), 3.95 (br. s, 1H, NH), 5.16 (m,
1H, =CH).
13C NMR (CDCl3): δ = 22.56 (q), 23.56 (q), 25.51 (t), 26.00 (t),
45.21 (d), 52.61 (d), 108.21 (d, =CH), 145.04 (s, C=C), 169.56 (s, C=N).
3.8.2 Synthesis of 2-isopropylamino-cyclopent-2-enone 42a
2-Isopropylamino-cyclopent-2-enone 42a was obtained as yellow oil (0.27 g, 1.94 mmol, 19
% yield).
1H NMR (CDCl3): δ = 1.02 (d, 3J = 6.3 Hz, 6H, CH3), 2.35 (m, 2H,
CH2), 2.47 (m, 2H, CH2), 3.29 (sept, 3J = 6.6 Hz, 1H, CH), 3.63 (br. s,
1H, NH), 5.86 ( t, 3J = 3 Hz, 1H, =CH).
13C NMR (CDCl3): δ = 22.26 (q), 23.50 (t), 33.30 (t), 45.07 (d), 120.73
(d, =CH), 144.95 (s, C=C), 205.08 (s, C=O).
3.8.3 Synthesis of benzyl-(5-benzylimino-cyclopent-1-enyl)-amine 41b
Using Dean–Stark apparatus, cyclopentandion (1.0 g, 0.01 mol) and benzyl amine (2.3 g, 0.02
mol) in benzene were refluxed until no water separation was observed. The residue was
extracted by diethyl ether and chromatographed on neutral alumina using hexane/Et2O, 1:1 as
an eluent. Benzyl-(5-benzylimino-cyclopent-1-enyl)-amine 41b was obtained as yellow oil
in 70 % yield.
N
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1H NMR (CDCl3): δ = 2.50 (m, 2H, CH2), 2.55 (m, 2H, CH2),
4.26 (s, 2H, CH2), 4.59 (s, 2H, CH2), 4.69 (br. s, 1H, NH), 5.30
(m, 1H, =CH), 7.20 – 7.50 (m, 10H, Ph).
13C NMR (CDCl3): δ = 26.01 (t), 26.77 (t), 48.81 (t), 56.58 (t),
110.61 (d), 126.52 (d), 126.89 (d), 127.40 (d), 127.67 (d), 128.29 (d), 128.33 (d), 139.38 (s),
140.36 (s), 146.03 (s), 173.35 (s, C=N).
3.8.4 Synthesis 2-benzylamino-cyclopent-2-enone 42b
In addition to 41b, 2-benzylamino-cyclopent-2-enone 42b was also obtained as yellow oil in
17 % yield.
1H NMR (CDCl3): δ = 2.24 (m, 4H, CH2), 4.21 (s, 2H, CH2), 4.28
(br. s, 1H, NH), 5.90 (m, 1H, =CH), 7.26 (m, 5H, Ph).
13C NMR (CDCl3): δ = 23.48 (t), 33.48 (t), 48.52 (t), 122.09 (d),
126.96 (d), 127.19 (d), 127.25 (d), 128.66 (s), 138.53 (s), 204.56
(s, C=O).
3.8.5 Synthesis of 1,2-bis-benzyllimino-cyclohexane 46b
Treatment of 45 (1.10 g, 9.81 mmol) with benzyl amine (2.30 g, 21.5 mmol) in the presence of
3 drops of HCOOH and then isotropic removal of water (Dean–Stark apparatus) using
benzene as a solvent gave 1,2-bis-benzylimino-cyclohexane 46b as a brown oil in 91 % yield.
This diimine 46b also gave 47 in 37.5 % yield when treated with liquid ammonia and
hydroxylamine-O-sulfonic acid under the same reaction conditions.
NCH2Ph
NHCH2Ph
O
NHCH2Ph
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1H NMR (CDCl3): δ = 1.84 (m, 2H, CH2), 2.27 (m, 2H, CH2),
2.52 (t, 3J = 6.3 Hz, 2H, CH2), 4.18 (s, 2H, CH2), 4.64 (s, 2H,
CH2), 5.11 (t, 3J = 4.8 Hz, 1H, =CH), 6.25 (br. s, 1H, NH), 7.27 –
7.38 (m, 10H, Ph).
13C NMR (CDCl3): δ = 22.79 (t), 23.76 (t), 27.06 (t), 47.86 (t),
53.65 (t), 103.48 (d), 126.40 (d), 126.60 (d), 127.22 (d), 127.54
(d), 128.22 (d), 128.26 (d), 140.06 (s), 140.28 (s), 140.51 (s),
162.55 (s, C=N).
3.9 Synthesis of 1,2,5,6-tetraaza-dispiro[2.0.2.4]decane 47
Following general procedure I. After evaporation of the solvent, the residue was extracted by
30 ml CHCl3, and upon evaporation of the solvent under reduced pressure and washing with 5
ml of diethyl ether, a brown solid of 1,2,5,6-tetraaza-dispiro[2.0.2.4]decane 47 (1.57 g, 11.2
mmol, 37 %) was obtained starting from (5.83 g, 30.0 mmol) of diimine 46a.
M.p. = 152 – 154 °C
IR (KBr): ν = 3427, 3178, 2946, 2923, 2863, 2366, 1652, 1399, 1201,
855 cm-1.
1H NMR (CDCl3): δ = 1.84 (br, 8H, CH2), 2.20 – 2.80 (br. s, 4H, NH).
13C NMR (CDCl3): δ = 24.28 (t), 34.50 (t), 58.16 (s, C-3/C-4).
1H NMR (d6-DMSO): δ = 1.62 (br. s, 8H, CH2), 2.23 (d, 3J = 7.8 Hz, 2H,
NH), 2.63 (d, 3J = 7.8 Hz, 2H, NH).
13C NMR (d6-DMSO): δ = 24.14 (t), 33.79 (t), 58.06 (s).
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3.10 Synthesis of 1,2-bis-isopropylimino-cycloheptane 48
Following general procedure III. Using (1.70 g, 12.48 mmol) of cycloheptane-1,2-dione and
stirring for seven days resulted in a mixture of compounds 48 and 51 (1.82 g, 2.2:1, 6.41 mmol
of 48 and 2.91 mmol of 51). Separation over neutral alumina using hexane/Et2O, 1:1 as an
eluent gave yellow oil of 1,2-bis-isopropylimino-cycloheptane 48 (0.98 g, 4.71 mmol, 35 %)
1H NMR (CDCl3): δ = 1.04 (d, 3J = 6.0 Hz, 6H, CH3), 1.05 (d, 3J =
6.0 Hz, 6H, CH3), 1.58 (m, 6H, CH2), 2.17 (m, 2H, CH2), 2.37 (m,
2H, CH2), 3.23 (sept, 3J = 6.0 Hz, 2H, CH).
13C NMR (CDCl3): δ = 23.35 (q), 23.43 (q), 25.98 (t), 26.64 (t),
37.70 (t), 53.58 (d), 168.66 (s, C=N).
3.11 Synthesis of 1,2,5,6-tetraaza-dispiro[2.0.2.5]undecane 49
Following general procedure I. Pure 48 (1.0 g, 4.8 mmol) gave yellow oil (0.32 g, 2.08 mmol,
43 %) of 49 after flash chromatography over neutral alumina using hexane/Et2O 1:1 as an
eluent. Crystallization of this oil using hexane/Et2O gave yellow crystals of 1,2,5,6-tetraaza-
dispiro[2.0.2.5]undecane 49 as a mixture of two diastereomers of ratio 5:9.
M.p. = 120 – 125 °C.
Major stereoisomer
1H NMR (d6-DMSO): δ = 1.50 – 1.85 (m, 10H, CH2), 2.37 (d, 3J = 8.1
Hz, 2H, NH), 2.60 (d, 3J = 8.1 Hz, 2H, NH).
13C NMR (d6-DMSO): δ = 23.59 (t), 26.69 (t), 34.10 (t), 59.09 (s, C-
3/C-4).
Minor stereoisomer
1H NMR (d6-DMSO): δ = 1.50 – 1.85 (m, 10H, CH2), 2.01 (d, 3J = 7.8 Hz, 2H, NH), 2.59 (d,
3J = 7.8 Hz, 2H, NH).
13C NMR (d6-DMSO): δ = 25.26 (t), 29.26 (t), 35.75 (t), 57.92 (s, C-3/C-4).
N
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The mixture of the stereoisomers of 49 has the following NMR data in CDCl3.
1H NMR (CDCl3): δ = 1.59 (br. s, CH2), 1.68 (br. s, CH2). Signals of the NH groups were not
clearly observed.
13C NMR (CDCl3): δ = 24.37 (t), 28.62 (t), 38.16 (t), 59.00 (s).
3.12 Synthesis of 2-isopropylamino-cyclohept-2-enone 51
In addition to the diimine 48, 2-isopropylamino-cyclohept-2-enone 51 (0.25 g, 1.50 mmol.
11 %). was also obtained as yellow oil.
1H NMR (CDCl3): δ = 1.10 (d, 3J = 6.0 Hz, 6H, CH3), 1.70 (m, 4H,
CH2), 2.35 (m, 2H, CH2), 2.58 (m, 2H, CH2), 3.22 (sept, 3J = 6.0
Hz, 1H, CH), 3.55 (br. s, 1H, NH), 5.35 (t, 3J = 3.0 Hz, =CH) .
13C NMR (CDCl3): δ = 20.35 (t), 22.14 (q), 24.67 (t), 25.25 (t),
40.66 (t), 43.67 (d), 110.73 (d, =CH), 143.35 (s, C=C), 200.27 (s,
C=O).
3.13 Synthesis of 2,3-bis-isopropylimino-bicyclo[2.2.1]heptane 53
Following general procedure III. Using (10.0 g, 0.08 mol) of freshly prepared 52 and 100 ml
of isopropylamine, the mixture immediately became dark. Stirring was continued overnight.
The dark brown 2,3-bis-isopropylimino-bicyclo[2.2.1]heptane 53 (12.70 g, 0.062 mol, 77 %
yield) was recovered. Compound 53 was further crystallized from hexane to give brown oil
that solidifies in refrigerator (melting point is below room temperature).
O
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1H NMR (CDCl3): δ = 1.16 (d, 3J = 6.3 Hz, 6H, CH3), 1.17 (d, 3J
= 6.3 Hz, 6H, CH3), 1.40 – 1.85 (m, 6H, CH2), 3.30 (m, 2H, CH),
3.68 (sept, 3J = 6.3 Hz, 2H, CH).
13C NMR (CDCl3): δ = 23.41 (q, CH3), 23.75 (q, CH3), 25.76 (t,
CH2), 35.93 (t, CH2), 38.90 (d, CH), 53.46 (d, CH), 170.15 (s,
C=N). – C13H22N2 (206.33): Calcd. C 75.67, H 10.75, N 13.58;
found C 75.79, H 10.73, N 13.79.
3.14 Synthesis of 7,10-methano-1,2,5,6-tetraaza-dispiro[2.0.2.4]decane 54
Following general procedure I. Starting from (3.70 g, 17.96 mol) of 53 in 80 ml absolute
methanol gave brown residue containing a mixture of 54 and 55. This oil was
chromatographed by flash column chromatography over neutral alumina using firstly diethyl
ether to remove impurities followed then by (methanol/Et2O, 4:6) to give 55 and then
methanol to give 7,10-methano-1,2,5,6-tetraaza-dispiro[2.0.2.4]decane 54 (840 mg, 5.52
mmol, 31 % yield) as a yellow oil.
IR (CDCl3): ν (cm−1) = 3176, 3124, 2970, 2878, 1670, 1591, 1406,
1125.
1H NMR (CDCl3): δ = 1.05 – 2.55 (m), 2.60 – 3.80 (m).
13C NMR (CDCl3): δ = 23.51 (t, CH2), 24.95 (t, CH2), 34.77 (t, CH2),
43.00 (d, CH), 43.20 (d, CH), 64.34 (s, Cring), 64.79 (s, Cring).
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3.15 Synthesis of 1-isopropyl-7,10-methano-1,2,5,6-tetraaza-dispiro[2.0.2.4]decan 55
In addition to 54, 1-isopropyl-7,10-methano-1,2,5,6-tetraaza-dispiro[2.0.2.4]decan 55 was
also obtained (1.13 g, 5.82 mmol, 32 %) as yellow oil.
1H NMR (CDCl3): δ = 0.94 (d, 3J = 6.3 Hz, 3H, CH3), 0.95 (d, 3J =
6.3 Hz, 3H, CH3), 1.20 – 2.60 (m, 9H, CH2, NH), 2.70 – 3.65 (m,
3H, CH).
13C NMR (CDCl3): δ = 21.79 (q, CH3), 22.15 (q, CH3), 23.15 (t,
CH2), 24.96 (t, CH2), 35.10 (t, CH2), 39.12 (d, CH), 42.25 (d, CH),
52.86 (d, CH), 64.62 (s, Cring), 69.81 (s, Cring).
3.16 Synthesis of bidiaziridines derivatives
3.16.1 General procedure for preparation of bidiaziridines derivatives IV
The bidiaziridine (1 mmol) in 5 ml CHCl3 was refluxed with phenyl isocyanate (5 mmol) for
two hours. The reaction mixture was then stirred at room temperature for two days. The solid
was filtrated, washed successively with diethyl ether and crystallized from methanol to give
the thiourea derivative.
3.16.2 Synthesis of derivative 56
Following general procedure IV, 3,3`-dimethyl-bidiaziridinyl-1,1`,2,2`-tetracarboxlic acid
tetrakis-phenylamide 56 was obtained in 70 % yield as yellow crystals.
M.p. = 261 – 262 °C
1H NMR (d6-DMSO): δ = 1.44 (s), 2.18 (s), 4.09 (s), 7.03 (m), 7.31 (t),
7.56 (d), 8.77 (s), 9.49 (s), 9.86 (s).
13C NMR (d6-DMSO): δ = 15.61 (q), 62.72 (s), 119.52 (d), 123.35 (d),
128.56 (d), 138.26 (s), 159.60 (s, C=O).
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13C NMR (CDCl3): δ = 14.97 (q), 15.59 (q), 63.14 (s), 64.53 (s), 119.22 (d), 119.30 (d),
124.48 (d), 129.10 (d), 136.79 (s), 158.24 (s, C=O).
– C32H30N8O4 (590.63): Calcd. C 65.07, H 5.12, N 18.97; found C 65.26, H 5.23, N 19.10.
3.16.3 Synthesis of derivative 57
Following general procedure IV, 1,2,5,6-tetraaza-dispiro[2.0.2.4]decane-1,2,5,6-
tetracarboxlic acid tetrakis-phenylamide 57 was obtained in 50 % yield as white crystals.
M.p. = 181 – 183 °C.
1H NMR (d6-DMSO): δ = 1.40 – 2.20 (m), 3.36 (s), 6.85 – 7.70 (m) ,
7.96 (s), 8.77 (s).
13C NMR (d6-DMSO): δ = 22.22 (t), 22.64 (t), 23.66 (t), 28.87 (t), 30.38
(t), 33.87 (t), 62.77 (s), 63.69 (s), 65.08 (s), 119.36 (d), 119.43 (d),
119.62 (d), 123.30 (d), 128.53 (d), 128.62 (d), 138.25 (s), 138.32 (s),
159.46 (s, C=O), 159.90 (s, C=O).
– C34H32N8O4 (616.67): Calcd. C 66.22, H 5.23, N 18.17; found C 66.49, H 5.06, N 17.99.
3.16.4 Synthesis of derivative 58
Following general procedure IV, 1,2,5,6-tetraaza-dispiro[2.0.2.5]undecane-1,2,5,6-tet-
racarboxlic acid tetrakis-phenylamide 58 was obtained in 44 % yield as white crystals.
M.p. = 227 – 230 °C.
1H NMR (CD2Cl2): δ = 1.10 – 2.40 (m), 2.87 (m), 6.80 – 7.80 (m),
7.96 (s), 8.94 (s).
13C NMR (CD2Cl2): δ = 23.60 (t), 23.87 (t), 27.23 (t), 27.51 (t), 31.67
(t), 32.56 (t), 66.73 (s), 71.71 (s), and signals in the range of 119.45 –
157.22 ppm for aromatic and carbonyl carbons.
– C35H34N8O4 (630.69): Calcd. C 66.65, H 5.43, N 17.77; found C 66.83, H 5.12, N 18.08.
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3.16.5 Synthesis of derivative 59
Following general procedure IV, 7,10-methano-1,2,5,6-tetraaza-dispiro[2.0.2.4]decan-e-
1,2,5,6-tetracarboxlic acid tetrakis-phenylamide 59 was obtained in 61 % yield as white
crystals.
M.p. = 235 – 238 °C.
1H NMR (d6-DMSO): δ = 1.50 – 2.40 (m), 6.94 – 7.70 (m), 9.10 (s),
9.26 (s), 10.0 (s).
13C NMR (d6-DMSO): δ = 19.60 (t), 26.92 (t), 34.78 (t), 41.34 (d),
72.68 (s), 73.37 (s), and signals in the range of 118.06 – 160.99 ppm
for aromatic and carbonyl carbons.
– C35H32N8O4 (628.68): Calcd. C 66.87, H 5.13, N 17.82; found C 66.58, H 5.04, N 18.04.
3.17 Synthesis of bidiaziridines
3.17.1 Synthesis of 3,3´-dimethyl-3H,3´H-[3,3´]bidiazirinyl 60
Following general procedure II. 3,3´-dimethyl-3H,3´H-[3,3´]bidiazirinyl 60 was obtained as
brown oil in 28.5 % using naphthalene as internal standard for 1H NMR spectrum.
IR (C6D6): ν (cm−1) = 2963, 2928, 1580, 1436, 1384, 1103.
1H NMR (CDCl3): δ = 0.85 (s, CH3).
13C NMR (CDCl3): δ = 15.30 (q, CH3), 26.55 (s, C-3).
15N NMR (CDCl3): δ = 69.7 (the external standard was CH3NO2 with δ = 0).
After work-up, the solution of 60 contains already a small amount of 2-butyne [1H NMR
(CDCl3): δ = 1.60 (s)].
In an experiment with C6D6 as solvent, starting material 34 still remains in the aqueous
solution after 1 hour of stirring.
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3.17.2 Synthesis of tetraaza-dispiro[2.0.2.4]deca-1,5-diene 61
Following general procedure II. A brown oil of tetraaza-dispiro[2.0.2.4]deca-1,5-diene 61
(0.18 g, 1.32 mmol) was obtained in 67 % yield starting from (0.28 g, 2.0 mmol) of
bidiaziridine 47.
1H NMR (CDCl3): δ = 1.36 (m, 4H, CH2), 1.86 (m, 4H, CH2).
13C NMR (CDCl3): δ = 23.72 (t, CH2), 27.99 (s, C-3), 30.68 (t, CH2).
3.17.3 Synthesis of 1,5-diisopropyl-tetraaza-dispiro[2.0.2.4]decane 62
Following literature procedure,[70] a brown oil (80 mg, 0.36 mmol, 30 % yield) of 1,5-
diisopropyl-tetraaza-dispiro[2.0.2.4]decane 62 was obtained starting from (160 mg, 1.17
mmol) of bidiazirine 47.
1H NMR (CDCl3): δ = 1.01 (d, 3J = 6.0 Hz, 6H, CH3), 1.09 (d, 3J = 6.0
Hz, 6H, CH3), 1.80 – 1.85 (m, 8H, CH2), 2.40 (sept, 3J = 6.0 Hz, 2H,
CH). NH signal is not clearly observed.
13C NMR (CDCl3): δ = 20.76 (q), 22.33 (q), 24.28 (t), 26.69 (t), 29.65
(t), 30.65 (t), 51.18 (d), 63.48 (s, C-3).
3.17.4 Synthesis of 1,2,5,6-tetraaza-dispiro[2.0.2.5]undeca-1,5-diene 63
Following general procedure II, brown oil of 1,2,5,6-tetraaza-dispiro[2.0.2.5]undeca-1,5-
diene 63 (0.011 g, 0.073 mmol, 70 % yield) starting from (0.016 g, 0.10 mmol) of
bidiaziridine 49 was obtained.
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1H NMR (CDCl3): δ = 1.30 (m, 4H, CH2), 1.70 – 1.86 (m, 6H, CH2).
13C NMR (CDCl3): δ = 24.43 (t), 29.91 (s, C-3/C-4), 30.29 (t, C-9),
32.84 (t).
The half-oxidized product accompanied with 63 was obtained when the reaction time is not
enough or insufficient amount of the oxidizing agent is used. The 1H NMR is not clear, but the
13C NMR signals are as follows:
13C NMR (CDCl3): δ = 25.10 (t), 25.57 (t), 29.25 (s), 30.11 (t), 32.44 (t), 37.73 (t), 58.02 (s).
3.17.5 Synthesis of 7,10-methano-1,2,5,6-tetraaza-dispiro[2.0.2.4]deca-1,5-diene 64
Following general procedure II, brown oil of 7,10-methano-1,2,5,6-tetraaza-
dispiro[2.0.2.4]deca-1,5-diene 64 (0.13 g, 0.88 mmol, 56 % yield) starting from (0.24 g, 1.58
mmol) of 54 was obtained
1H NMR (CDCl3): δ = 1.50 (m, 2H, H-7/10), 1.54 (dt, 2J = 9.9 Hz, 4J =
1.8 Hz, 1H, H-11syn), 1.75 (m, 2H), 2.02 (m, 2H), 2.37 (dm, 2J = 9.9 Hz,
H-11anti).
13C NMR (CDCl3): δ = 24.53 (t, C-8/C-9), 37.28 (t, C-11), 37.88 (s, C-
3/C-4), 40.19 (d, C-7/C-10).
Assignment of the signals of 64 was done by double resonance and resolution enhancement
experiments.
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3.18 General procedure for the synthesis and trapping of cycloalkynes V
In a NMR tube, bidiazirine (1 equiv.) and trapping reagent (2 equiv.) in CDCl3 were heated for
4 hours in a metal block at 40 – 60 °C. Nitrogen gas was evolved and the completion of the
reaction was monitored by NMR spectroscopy. The resulting mixture was chromatographed
over silica gel to give the trapping product.
3.18.1 Synthesis of 2-butyne 65
Photolysis of bidiazirine 60 in the absence of trapping reagent gave 2-butyne 65 quantitatively
based on 1H NMR data.
3.18.2 Synthesis of 3-methyl-3-vinyl-diaziridine 66
Following general procedure V. Photolysis of bidiazirine 35 for 35 minutes in the absence of
trapping reagent gave 3-methyl-3-vinyl-diaziridine 66 in 36 % yield based on 1H NMR data.
1H NMR (CDCl3): δ = 1.70 (br. s, NH), 1.75 (s, CH3) 5.31 (dd, 3J = 9.9
Hz, 2J = 1.5 Hz, 1H), 5.47 (dd, 3J = 17.7 Hz, 2J = 1.5 Hz, 1H), 5.55 (dd, 3J
= 16.8 Hz, 3J = 9.9 Hz, 1H).
13C NMR (CDCl3): δ = 21.29 (q), 53.98 (s), 118.15 (t), 139.91 (d).
3.18.3 Synthesis of diphenylacetylene 68
Oxidation of bidiaziridine 39 by manganese dioxide at room temperature resulted in the
formation of diphenylacetylene 68 in 60 % yield starting from impure (200 mg, 0.93 mmol)
of 39.
NH NH
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3.18.4 Trapping of cyclohexyne with PhN3
Following general procedure V. The reaction was completed in one hour to give yellow
crystals (84 % yield) of the known[6] 1-phenyl-4,5,6,7-tetrahydro-1H-benzotriazole 69 after
separation by flash column chromatography over silica gel using hexane/CHCl3, 1:1 as an
eluent.
M.p. = 112 – 114 °C (Lit.[6] 115 – 117 °C).
1H NMR (CDCl3) δ = 1.87 (m, 4H, CH2), 2.74 (m, 2H, CH2), 2.84 (m,
2H, CH2), 6.84 – 7.57 (m, 5H, Ph).
13C NMR (CDCl3): δ = 21.79 (t), 21.88 (t), 22.42 (t), 22.70 (t), 123.10
(d), 128.60 (d), 129.43 (d), 132.07 (s), 136.82 (s), 143.95 (s).
3.18.5 Trapping of cyclohexyne with tetraphenylcyclopentadienone
Following general procedure V. The known[29] 1,2,3,4-tetraphenyl-5,6,7,8-tetrahydron-
aphthalene 70 was separated as a white yellow solid (90 %) by flash column chromatography
over silica gel using benzene/hexane, 3:7 as an eluent.
M.p. = 271 – 273 °C.
1H NMR (CDCl3): δ = 1.72 (m, 4H, CH2), 2.54 (m, 4H, CH2),
6.75 – 7.37 (m, 20H, Ph).
13C NMR (CDCl3): δ = 23.11 (t), 29.66 (t), 124.96 (d), 125.88 (d),
126.38 (d), 127.44 (d), 130.27 (d), 131.25 (d), 134.54 (s), 138.43
(s), 140.53 (s), 140.61 (s), 140.78 (s).
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3.18.6 Trapping of cyclohexyne with 1,3-diphenylisobenzofuran
Following general procedure V. 9,10-oxido-9,10-diphenyl-1,2,3,4,9,10-hexahydro-
anthracene 71 was separated by flash column chromatography over silica gel using
benzene/hexane, 3:7 as an eluent giving a white yellow solid (86 %) of m.p. = 156 – 158 °C.
(Lit.[83]170 – 171 °C).
1H and 13C NMR data were identical to those in literature.[85]
1H NMR (CDCl3): δ = 1.45 (m, 2H), 1.58 (m, 2H), 2.08 (m,
2H), 2.25 (m, 2H), 6.98 (m, 2H, CHarom.), 7.22 (m, 2H, CHarom.),
7.41 (m, 2H, CHarom.), 7.51 (m, 4H, CHarom.), 7.75 (m, 4H,
CHarom.).
13C NMR (CDCl3): δ = 22.39 (t), 23.41 (t), 92.27 (s, C-9/10),
119.00 (d), 124.61 (d), 126.32 (d), 127.72 (d), 128.37 (d),
135.41 (s), 150.17 (s), 151.78 (s).
3.18.7 Trapping of cyclohexyne with cyclooctyne
Following general procedure V. The reaction was completed in about one hour. The product
was separated over silica gel using hexane/Et2O, 7:3 as an eluent to give a colorless liquid (9
mg, 0.03 mmol) in 9.7 % yield calculated for 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16-
hexadecahydro-dicycloocta[a,c]naphthalene 72.
1H NMR (CDCl3): δ = 1.40 – 1.95 (m), 2.47 – 2.60 (m).
13C NMR (CDCl3): δ = 23.89 (t), 26.64 (t), 29.04 (t), 29.61 (t), 40.85
(t), 145.74 (s). Not all expected signals were observed.
The two peaks of GCMS investigation are 1:10 with m/z = 268 and
296, respectively.
GCMS; m/z (%): 268 (21), 253 (25), 239 (9), 225 (29), 211 (25), 197 (33). 183 (67), 157 (38),
141 (46), 129 (54), 115 (51), 91 (75), 77 (63), 55 (100).
GCMS; m/z (%): 296 (100), 267 (46), 253 (97), 225 (41), 211 (38), 197 (39). 183 (65), 155
(44), 141 (57), 127 (13), 115 (33), 91 (39), 77 (24).
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3.18.8 Trapping of cycloheptyne with tetraphenylcyclopentadienone
Following general procedure V. The reaction completed in three hours. The resulting mixture
was chromatographed over silica gel using hexane/benzene, 7:3 as an eluent to give (15.5 mg,
0.031 mmol, 86 % yield) of 1,2-cyclohepteno-3,4,5,6-tetraphenylbenze-ne 74 starting from
6.0 mg, 0.04 mmol) of 63.
M.p. = 215 – 216 °C (Lit.[17] 215 – 217 °C).
1H NMR (CDCl3)[17]: δ = 1.63 (m, 4H), 1.80 (m, 2H), 2.72 (m,
4H), 7.03 – 7.20 (m, 20H, Ph).
13C NMR (CDCl3): δ = 27.68 (t), 29.69 (t), 31.86 (t), 124.84 (d),
125.70 (d), 126.29 (d), 127.18 (d), 130.47 (d), 131.21 (d), 138.50
(s), 139.90 (s), 140.88 (s), 141.02 (s) 141.48 (s).
For the purpose of comparison, the eight-membered ring analogue of 74 was prepared by
stirring cyclooctyne (0.22 g, 2 mmol) with tetraphenylcyclopentadienone (0.38 g, 1 mmol) in
CHCl3 at room temperature. Excess cyclooctyne and solvent were removed in vacuum after
the pink colour disappeared. The white solid was washed by cold hexane to give 74a (0.36 g,
0.78 mmol, 78 %).
M.p. = 226 – 228 °C (Lit.[23] 226 – 227 °C).
1H NMR (CDCl3): δ = 1.51 (br. s, 8H), 2.75 (br. s, 4H), 6.78
(m, 10H, Ph), 7.12 (m, 10H, Ph).
13C NMR (CDCl3): δ = 26.43 (t), 29.26 (t), 31.08 (t), 124.81
(d), 125.77 (d), 126.25 (d), 127.04 (d), 130.56 (d), 131.19 (d),
138.33 (s), 138.96 (s), 140.62 (s), 140.91 (s) 141.35 (s).
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3.18.9 Trapping of cycloheptyne with 1,3-diphenylisobenzofuran
Following general procedure V. The reaction completed in three hours. 1,4-Oxido-1,4-
diphenyl-1,4-dihydro-2,3-cyclohepteno-naphthalene 75 was separated by flash column
chromatography over silica gel using benzene/hexane, 1:1 as an eluent to give a yellow solid
(24.6 mg, 0.067 mmol). Yield = 91 % starting from (16.0 mg, 0.107 mmol) of 63.
M.p. = 158 – 160 °C (Lit.[79]165 – 167 °C and 177 – 177.5 °C)
1H NMR (CDCl3): δ = 0.84 – 1.81 (m, 6H, CH2), 1.95 (m, 2H,
CH2), 2.50 (m, 2H, CH2), 7.02 (m, 2H), 7.39 (m, 4H), 7.52 (m,
4H), 7.78 (m, 4H).
13C NMR (CDCl3): δ = 27.65 (t), 27.93 (t), 29.50 (t), 93.29 (s,
C_O), 119.39 (d), 124.58 (d), 127.49 (d), 127.82 (d), 128.27
(d), 151.07 (s), 151.40 (s), 153.50 (s).
3.18.10 Trapping of norbornyne with PhN3
Following general procedure V. After four hours, the resulting mixture was chromatographed
over silica gel using CHCl3/Et2O, 4:1 as an eluent to give (10 mg, 22 % yield) of 1-phenyl-
4,7-methano-4,5,6,7-tetrahydro-1H-benzotriazole 77 starting from (32 mg, 0.27 mmol) of
64.
M.p. = 176 – 178 °C (recrystallized from hexane).
1H NMR (CDCl3): δ = 1.25 (m, 2H), 1.80 (ddd, 2J = 9 Hz, 4J = 1.8 Hz, 4J
= 1.8 Hz, 1H, 8-Hsyn), 2.03 (m, 2H), 2.22 (dm, 2J = 9 Hz, 1H, 8-Hanti),
3.64 (m, 1H), 3.77 (m, 1H), 7.4 (t, 3J = 7.2 Hz, 1H, Hpara), 7.52 (t, 3J = 7.2
Hz, 2H, Hmeta), 7.75 (d, 3J = 7.2 Hz, 2H, Hortho).
13C NMR (CDCl3): δ = 26.81 (t), 27.09 (t), 38.52 (d), 40.34 (d), 52.25 (t),
120.10 (d), 128.02 (d), 129.65 (d), 137.50 (s), 143.04 (s), 159.15 (s).
GCMS; m/z (%): 183 [M+–28] (40), 117 (25), 104 (19), 91 (9), 85 (40), 77 (100).
– C13H13N3 (211.26): Calcd. C 73.91, H 6.20, N 19.89; found C 73.88, H 5.91, N 19.93.
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3.18.11 Trapping of norbornyne with tetraphenylcyclopentadienone
Following general procedure V, the resulting mixture was chromatographed over silica gel
using benzene/hexane, 3:7 as an eluent to give a white solid (16 mg, 0.036 mmol) of 5,6,7,8-
tetraphenyl-1,2,3,4-tetrahydro-1,4-metano-naphthalene 78. Yield = 44 % starting from
(12.0 mg, 8.1 mmol) of 64.
Compound 78 has identical 1H and 13C NMR spectra with those described.[88]
M.p. = 254 – 255 °C (Lit.[88] 251 – 253 °C).
1H NMR (CDCl3): δ = 1.41 – 1.54 (m, 3H), 1.90 (br. d, 3H), 3.37
(s, 2H), 6.77 – 7.28 (m, 20H).
13C NMR (CDCl3): δ = 27.12 (t), 43.15 (d), 48.63 (t), 125.00 (d),
125.81 (d), 126.51 (d), 127.28 (d), 130.34 (d), 131.77 (d), 133.81
(s), 137.76 (s), 140.12 (s), 140.66 (s), 145.75 (s).
Ph
Ph
PhPh
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